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If it is not possible for gas to migrate from
targeted formations, why does industry show
so much evidence to the contrary in these,
their very own documents?




OUTHWESTERN ENER

The gas industry asserts that the target formation is thousands of
feet from water supply aquifers and that the aquifers therefore
cannot be contaminated by migration of natural gas, radioactivity,
VOCs and other chemicals.

However, SOUTHWESTERN ENERGY'S own powerpoint deck
shows three ways that just such a scenario can occur

CEMENT CHANNELING
The cement forms incomplete bond to the casing, sometimes
caused by exposure while curing to pressurized gas.

FOHMATION

LEAK THROUGH CASING

LEAK THROUGH CASING
The casing itself starts to corrode over time due to exposure to
moisture and chemicals.

INTERMEDIATE PRODUCING ZOME

INSUFFICIENT CEMENT COVERAGE

p— e INSUFFICIENT CEMENT COVERAGE
The annulus around a casing string is not cemented to

S e 1 the surface, allowing pressurized fluids access upwards to a

SURRACE CASING —r|

freshwater aquifer.
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The sclence of constructing gas wells is thoo-
sands of years old. Legend has it that the
Chinese dog the first natural gas woll hafare
200 BC and transported the gas through bamboo
pipelines.’ Subscquent] well-construction history
is unclear until 1521, the year of the first US well
drilleal specifically for mmtursl gas® This well, in
Fredonia, New York, USA, reached a depth of
27 [82 m| and produced enough gas to light
dozens of burners at a nearby inn. Eventually
the well was deepened and produced enongh gas
Lo provide lighting for the whole town of
Fredonia. By this time, well-casing technology in
the form of hallowed-out wooden Jogs had been
developed for salt dome drilling, but It is not
known whether such casing was used in the gas
wells drilled duning this era. In all likehhood,
e firsd gas weells were leak-prome.

During the rest of the 10th Century, natural
gas became an important energy source for
many communitics. Techniques for locating,
explniting and transporting natural gas to oor
homes and industries have had huge advances
sinee the carly days,

Nespite these advances, many of today's
wells are al risk. Failure (o solate soarces
of hydrocarbon either early in the well
construction process or long alter production
begins has resulted in abnormally pressured
casing strings and leaks of gas into zones that
would otherwise not be gas-bearing,

Almormal pressure al the surface may often
he pasy tn detect, althongh the souree or mot
cause may be difficult 1o determine. Tubing and
easing leaks, poor drilling and displacement
practices, improper cement selection and
ey, amd production cycling may all be fcles
in the development of gas leaks.

Planning for gas by acknowledging the inter-
dependencies of various well-construction
processes is eritieal to building gas wells for the
future, This article focuses on an early phase in
the gas journcy—constructing the gas well. Case
sindies from South America, the Trich Sea, Asia
and the Middle East demonstrate effective
methods for sclecting drilling muds, displacing
mud before cementing, and constructing long-
Rasting wedls with high-integrily comenl.
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* Wallx with SCP by nga. Statistics from fha Uinitod States Minaral Managemant
Service (MMS] show the percantage of wells with SCP for wells in the outer
contnental shall (OCS) area of the Guit of Mexico, grouped by age of the walks.
Thesa data do not include walls in state watars or land locations.
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SCP can result from direct

making locating and repairing leaks difficult
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communication with gas in

shallow formations as well

as the target formations,
usually caused by poor
primary cementing.

In this article from Oilfield Review,

it is stated that sustained casing
pressure is an indication of
communication to the annulus from

a sustainable pressure source because
of inadequate zonal isolation, caused
by gas migration due to faulty cement
or casings.

This chart shows the number of wells
in the Gulf of Mexico with SCP - or
the failure rate - by age. As you can
see, 6% fail immediately, and within 15
years, over 50% have failed.

Migration is a common
problem in Canada. Most of the
SCP/migration is due to gas.

It is acknowledged that the search for
energy in ever more remote locations —
“extreme energy” — will push technology
and operators to the limit: the consequences
of “poor zonal isolation” are more failures.




There are 4 commonly understood
causes of SCP, although identifying
the precise cause is often difficult,
likely for the same reason that
remediating is difficult.

A — Tubing | migration leaks.

If they lead to a failure of
production casing, the outcome
can be catastrophic, jeopardiz-
ing personnel safety, production
facilities and the environment.

constructing a gas well, an oil well, or both,  the surface and reg Jntrol procedures,  or mechanical rupture of the inner string, or

Tong-term, durable zonal isolativn is key o Flow to surface oo o im Ure Bife of the  from a packer leak, Production casing is

minimizing problems associated with annular  well iz known az SC0 ar flow also can be  typically designed to handle tubing leaks, but if

gas flow and SCP development.* from gas-bearing form  ons to formations of  the pressure from a Jeak causes a failure of the

lower pressare, goerlly at shallower deptls. production casing, the valvome can be calas
Determ th ise sonree of a

Identifying Canses of Gas Migration nnular  trophic. With pressurization of the outer casing

Annular gas may origmate from a pay zone or
From poncosmmercial, gas-bearing formatins.'
Some of the most hazardous gas flows have origi-
nated from unrecogmzed gas behind conductor,
surface of intermediale casing. Typically, gas
Aow that ccrurs immediately after comenting or
before the cement is set is referred to as annular
gas flow, or anmular gas migration. This flow is
generally massive and can be interzonal, charg
ing lower-pressured formations, or can flow to

s—Froduction tub-

mg failures may presert the most serious S0P

problem.” Leaks can
CONnection, corrosio

ault from poor thread
rmal-stress cracking

Ecanarios for gos flow. Ehown are possible scenarics of goa migration to
the surfecy resulling in SCP. Tubing aml pecker lesks may allow gas (o
migrate. Microannului may devalop soon of long after camenting oparations.

Poor mud displ may rosult in i

zonal icolation. Gag may

sluwly displacy residual

displacwd diilfing Muid,
na annuiar space betwaan tubing and casing stings. Gas m;

through poorly dosignod nongae-tight parmoablo comant.

ay also flaw

strings, leaks to surface or underground
bluwiuls may jeopandioe personnel safely, proo-
duction-platform Bacilities and the emdaronment.
displacemeni—Inadequate
remaval of mud or spacer fluids prior to cement
placement may result in failure to achieve zonal
isolation. There are several reasons for mud-
remaval faflure, including, but not limited to,
poor borehole conditions, improper displace
ment mechanics and failures in displacement
process or excoution. Inadequate removal of
mud from the borehole during displacement = a
major contributing factor to poor zonal isolation
aml gay migration. Mud displacement is dis-
cussed in greater detail (see “From Mud to
Cement,” page 66).

proper cement-sturry d
occurring before coment has sof i a result of
loss in hydrostatic pressure to the point that the
well is no longer everbalanced—hydrostatic
pressure is loss than formation pressure. This
decrease i hydrostatic pressure results from
several phenomena that occur as part of the
cement-seiting process.! The change from
highty fluid, pumpable shurry to a set, rock-like
material involves a gradual transition of the
cement from fluid to gel and finally to a set
condition. This may require several hours,
depending on the iemperalare, quantity amd
b istics of retarding ds added to
prevent setting of the cement prior to place-
menl. As the cement begins o gel, bonding
between the coment, casing and barehale allows
the shurry to become partially seif-supporting.
This sell-supporting vomlition woubd il be o
problem if it occurred alone. The difficulty arises
because, while the cemenl becomes sell-
supporting, it loses volume as a result of at least
two factors. First, where the formation is perme.
able, the hydrostatic pressure overbalance
drives water from the cement into the forma-
tion. The rate of water losz depends on the
pressure differential, formation permeability,
the condition and permeability of any residual
mudeake and fuid loss characteristios of the
cement. A second cause of volume: loss is hydra-
L vohume reduction as the coment sels. This
occurs becanse sol cement is denser and ocen.
pies less volume than the liquid slurry. Volume
I b refabively small ab frsd, since Hitke solil
product forms during early hydration. However,

(hitfield Review

B — Poor mud
displacement leads to
poor zonal isolation
and gas migration.

C — Cement loses
volume as it sets,

leading to unbalanced
hydrostatic pressure.




D — Even after a flawless
cement job, the cement
can still be damaged by
the routine operation

of the well. Also, the
mechanical properties of
casing and cement vary
over time: differential
expansion and contrac-

tion due to temperature,
pressure or vibration can
cause the bond between
casing and cement to fail.

ultimately the volume loss can be as moch as
6%." Volume loss coupled with the interaction
between partially set cement, borehole wall and
caging causes a loss of hydrostatic pressure,
Ieading to an underbalanced condition.

While the hydrostatic pressure in the
partially set cement is below formation pressure,
gas may invade. If unchecked, the invasion of
gas may create a channel through which gas can
flow, effectively compromising cement quality
and zonal isolation.

Free water in cement may also cause a chan-
nel. Under static conditions, slurry instability
may lead to water separating from a cement
slurry. This water may migrate to the borehole
wall and collect, forming a channel. This is of
particular concern in deviated wellbores where
gravity may drive density separation and fuid
inversion, resulting in the development of a free-
fiuid channel on the top side of the borehole.

Cement damage after seiting—SCP can
oceur long after the well-construction process.
Even a flawless primary cement job can be
damaged by rig operations or well activities
occarring after the cement has set. Changing
siresses in the wellbore may cause microanmnuli,
stress cracks, or both, often leading to SCR"

The mechanical properties of casing and
cement. vary significantly. Consequently, they do
not behave in a uniform manner when exposed
to changes in temperature and pressure. As the
caging and cement expand and contract, the
bond between the cement sheath and casing
may fail, causing a microannolus, or flow path,
to develop.

Decreasing the internal casing pressure
during completion and production operations
may also lead to microannuli development.
Underbalanced perforating, gas-lift operations
o i d drawd n Lo reservoir
depletion all reduce mternal casing pressure.

Any of these conditions—tubing or casing
leaks, poor mud displacement, improper cement
svstem design or damage to cement after
setting—may result in flow paths for gas in the
form of discrete conductive cement fractures, or
microannuli. Once the gas-migration mechanism
is understood, steps can be taken to mitigate
the process.

Controlling Gas Migration

As the borehole reaches deeper into the earth,
previously isolated layers of formation are
exposed bo one another, with the borehole as the
conductive path. Isolating these layers, or estab-
lishing zonal isolation, is key to minimizing the
migration of formation fluids between zones or

Auntumn 2003

* Cuttings responsa to drilling fiuids. Cuftings samples were taken from &
well in the southern Gulf of Maxico drillad with oil-base mud; thess cuftings
had not been exposed to water-base mud prior to tss’dng._ﬂ_ﬁar clzaning oil

from the cuttings surface, Scf

laboratory t sorted the

rock pieces. Three initially identical samples of rock were photographed
aftar recaiving a different treatmant. Sampie A (feff) was placed in tap water,
Sampie B |midafel into a genaric lignosulfonate drilling fuid and Sample C

\rightl was i in a ghycol-polymar

chioride fluid. Each

sample was rolled in & stainless-steel call in a hot-roll oven for 16 hours at
250°F [121°C] to simulata drilling and transport up the borehole to surface.
The sampla in tap water, Sample A, was most damaged, and Sample C in the
glycol-polymer-potassium chioride fiuid was essentially undamaged. The
fignosulfonate system generated intermediate damage for Sample B. Drilling
with a mud having low inhibition values would be expected to generate
borghole instability and washout. In contrast, excellent clay controf would
e obtained by & more advanced chemistry, such as glycol-polymer-

potassium chioride.

to the surface where SCP would develop. Crucial
to this process are borehole condition, effective
mud removal, and cement-system design for
placement, durability and adaptability to the
well life cycle.

Wellbore condition depends on many factors,
including rock type, formation pressures, Jocal
stresses, the type of mud used and drilling
operational parameters, such as hydrauolics,
penetration rate, hole cleaning and fluid-
density balance,

The ultimate condition of the borehole is
often determined early in the drilling process as
drilling mud interacts with newly exposed
formation. If mismatched, the interaction of the
drilling mud with formation clays can have

drilling fluids under simulated downhole condi-
tions and physical examination of core and
cuttings with scanning electron microscopy.”
The results are often inconsistent, so drilling
fluid selection often iz based simply on field
history. Many times, particularly in new fields
where formation clay chemistry may be
unkmown, effective field development may hinge
on understanding the nature of formation clays
as they vary with depth |2 L

B For mors on zonal isolztion: Abbas A, Cunningham E,
Munk T, Biglland B, Chukwueka ¥, Ferri A, Garrison G,
Hollies D, Labat C and Moussa 0: "Solutions for
Long-Term Zonal ksolztion,” Qitfeld Rewview 14, no_3
| Auturn 20073: 1629

7. Banett A and Pafitiz [ “Getting to the Root of Gas
Migration,” Oifffiald Review B, no. 1 [Spring 1006} 3540

serions detrimental effects on borehole gavge
and rugosity. Once a well is drilled, displ

goyne A, Scott 5 and i W: “Review of
Susteined Casing Prezsure Occurring on the OCS,”
hitp: i puf

ment, cementing and ultimately, zonal-isolation
efficiency are dependent on a stable borehole
with minimal rugosity and tortuosity,

Mud companies have created high-
performance water-base muds that mcorporate
wvarious polymers, glycols, silicates and amines, or
a vombination thereof, for clay control. Today,
water-base and nonagqueous invert-emulsion
Muids account for 95% of all drilling fluids used,
The majority, about T0%, are waterbase and range
from clear water to mud that iz highly treated
with chemicals

Drilling fluid engineers and related techmnical
specialists have applied varions techniques to
investigate rock response to drilling fluid chem-
istry; these include exposing core samples to

|posted April 2000%

8 Wojtanowicz AK and Zhou D: “New Model of Pressure
Reduction to Annulus During Primary Cementing.”
paper IADC/SPE EB137, presented ot the IADC/SPE
DOrilling Canference, New Driesns, Louiziana, USA,
February 23-25, 2000

10. Parcevawx PA and Sault PH: “Cement Shrinkage and
Elasticity:. A New Approsch for 3 Good Zonal |solation,”
paper SPE 13176, presented &t the 58th SPE Annual
Technicsl Conference and Exhibition, Houston, Texas,
LISA, September 16-19, 1984

1. Amicroannulys is @ small gap between cement and &
pipe or @ formation. This phenomenon haz been docu-
mented by running sequential cement bond logs, first
with no pressure inside the casing 2nd then with the
oasing pressured. The band log clearly indicates that
epplied pressure often closes s microannulus.

12 Galal M: “Can We Visualize Driling Fluid Performance
Before We Start?” paper SPE 81415, presented at the
SPE 13h Middle East 0if Show & Conference, Bshrain,
June 3-12, 2003.




These three drawings
illustrate a concern over
migration from non-
target shallow gas zones
through vertical fractures
into non-gas-bearing
sand formations as a

[1017 1], then drill a 124%-in. borehale through
the shallow gas sand and sed 0% in. easing at
about 500 m [ 1640 N]. Zonal Isolation behind
the &%-in. casing was eritieal Lo the suecess of
the project. Even though n gas-tighl, or gas-
Influx-resistant, cement-slurmy design was used,
the first three #%-in. casing primary cement jobs
[ailed, resuliing in ol SOP al Uee surfsce and
gns charging of upper-zone normally pressured
sands |r 8

AILDOUEN NoL under contract for the project,
Sehlumberger and M-I engineers working in con-
Junction with PTTEF and their pariners, Total
and BG, proposed a plan to integrate borehole

lon with mud displ and
cEment-sysiem design.

The shallow formations in the 124-in. section
consisted primarily of sand and shale, 30 to 40%
of which was reactive clay. Historically, comven-
tinnal water-hase muds had been need b drill
ihese formalivns, resulling in significantly
washed-out sections, poor displacements, inade-
quaie primary semeni placement and loss of
zonal isolalion.

The M-1 engineering team recommenided
controlling the borchole and cuttings integrity
with SILDRIL mud, a sodium-silleate-base
drilling fuid The objective was (o cbiain 2 near-
gauge burehole allowing vplimized easing

5. conGecion
o ol 15]

N canductor
ppaat 16 m

6 in conductor
ipm at 151 m

centralization, mud displacement and eement ol ! =
result of poorly bonded placement acreasthe g bearing s - =
cement. i : LT
_ Topwt gas sand - 217
Shallow gas rore

T T Rl

» Geenarios for uppar-sand charging. In sarly
drilling s, i by e ]
Upper SaNGs Were Charged witn gas. Saveral
SCAnanos wera developed 10 expiain gas Cross-
flow betwaen Wells BK-11-6 and BK-11-L, and
the devalopmant of SCP at surface. Gas is shown
as red bubbles originating in tha shallow-gas
zand. In tha throa sconarios shown, gas
migrates around poorly bonded comant (A). Gas
maoves around poarly bondod comant to vortical
Fracturas {B). It migrates oround poorly bonded
cemant and through a microfracture network |C).
I all cases, pimary cement failed W provide
zonal lsolation, resulting in gas migraton 1o both
upper sands and batween casing strings, resuli-
ingin SCP.
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From Mud to Cement—Building Gas Wells
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Evaluation of the Potential for Gas and
CO, Leakage Along Wellbores

Theresa L Waison, T.L. Watson & Associates and Stefan Bochu, Alberia Energy Resowrces Conservation Board®

Summary

Implencatation of carbon dioxide (COy) storage in gedogical
media tequires a proper assessment of the risk of CO, leakage
from storage sites. Leakage pathways may exist through and along
wellbores, which may penetrale or be near fo the slorage site. Une
method of assessing the potential for 0O, leakage through wells is
by mining databases that usually reside with regulatory agencies.
These agencies collect data concerning wellbore construction, oil

o>

a
% of Walls with SCVF/IGM

[x]

1940 1960

most likely to leak or have future sbandonment Hability and if
these wellhares will impact 00 dompe «hemes adverely in the
future. The analysis is based on data for more than 315,000 wells
drilled up to the end of 2004 in the province of Alberta.

Background
Potential Wellbore-Leakage Pathways. Figs. 1a and 1b illus-

trate tymcal wellhore-construction and -abandonment protiles tor

% of Wells with SCVF/GM

1920 1940
Year
Cumulative well

Flg. 8—Historical levels of drilling activity and SCVF/GM occurrencs in Albaria: (a) by year of well spud and (b) by cumulative walls

dirilled.

inclules reported openhole
phgfuilme: re-entry information, and other special abandonment
requests and approvals. This information was used to provide a
bascline of Inown wellbore leakage against which g ial indi-

wells per year; however, the alsence of these very recent daia do
not affect the conclusions of the study because very few of the
newly ﬂrilledwrjlshnvehemd:mdumd_

cators can be evaluated. Fig. 8 shows historical drilling activity
and occurrence of SCVF in Alberta over the last 100 years, both
s a percentage of wells spudded in a given year and as cumula
tive over time.
Historical documents within the ERCB’s archive Tibrary were
i A 1o i gl ,rhmguihmmxyhnummmd

Casing- logs that indi d both internal and external
carrosion were evalusted against cement-bond logs (or equiva-
lent). Data were collected for appmximately 500 wells. These
wells were selected for amalysis on the basis of the existence of
both SCVF/GM and casing failure in the same well or on the hasis
of geographic location in fields known to have a high incidence of
SCVEIGM ar casing failire. Infarmation on casing and eement

lhe potential for wellbore leakage. Fig 9 indi
historical regulatory chmges against the mmmafSC\FF!GM
in ime. The archi s ‘mdcmlcpan & -1

table of histors per-“-'-' Anﬂnlmu
l.nr nunent-mp mfmmhm was ml anihhh wﬂm ﬂmenmng

di Weme d ‘ag,ninlndqﬁamgun:mdemmteﬂn
effects of on casing ion. A smaller subset of
these wells (142) had adcqm data to cmdmt full evaluations,

Alberta E; the provi apmy ponsible for the

s d ing and is ly

and
was used as a default for the cement top in the wellbore, The
historical oil price, obtained from public sources and d

apublic datab e that indi medepﬂ:‘nmﬂ'mmem
jon, to which g dh must be p This
information was wsed to determine groundwater depths d

in constant USD, was used as an indicator for the level of eco-
nomic activity that potentially could have affected drilling, well

letion, and well aband practices. Because the data
mgmpﬂmdmmmﬂmmmmhuﬂd
2004, Figs. ¥ and Y do not mclude the recent increase in oul price
and the sustained level of drilling of approximately 20,000 new

% of Wells Spud

to surface-casing, anmular-cement, and casing-failue depma'

Results

Various factors were @ d using the bled database to
determine if the potential for leakage could be assessed on the
basis of well infi ion that is g Ty for a large

1. Ol and Gas Act

2 First SC requirements

3 First ramant requismmants

4. Update of 5C mquirements

5. Update of 5C and cemenling requirements

& Intermediate casing

7. Gonguctor pipe requraments.

8. Updata of 5C mquiremants for SE Alberta

O Update of S0 maui Ear saithcartral Al

10, Cementing guide

11. Update of cementing guide

12 Ragquimments for W pmisctinn and SCVUF chacking

13 10-year inactive well program intiated

14, Wil abandonmant guide, sour well licensing

15 Requirements for SCUFIGM testing

1 Long Term Lizbity program replaces 10-year (nactve well program
17 Update of aliowable gradien! for serious SCYF

Fig. 8—Occurrance of SCVF/GM in Alberta in relation to oll price and regulatory changes (SC: surface casing, GW: ground water,

WTI: West Texas intermediae).

March 2009 SPE Drilling & Completion

These charts show a
correlation of increased
well failures over time,
by year of well spud, and
cumulatively.

This chart shows a
correlation of migration in
wells with SCVF with oil
price changes, suggesting

a trend to less vigilance at
times of increased financial
pressure.




TABLE 2—COMPARISON OF SCVF/GM OCCURRENCE IN THE PROVINCE TO THE TEST

the occurrence of wellbore leakage. In areas of high well density,
wellinowell croee flow may oecnr and el in 8 sngle w
leaking to surface through many nearby wellbores. However, this
was nol supported in the anulysis of the test area. One possible
season is that arcas with higher well density comprise newer wells
that may not have been tested aificiently or that are cemented
better. Because this factor has been meported in other studies, it has
been retamed a5 a minor tactor for this analys:s,

Topography. Information about serious SCVFs and GM flows,
saline-water flows, and liquid-hydrocartbon fows at wells located
in or near river valleys has been reponted anecdotally, and in some
cases hus been well documented, such as in the case of a well in
the valley of Peace River in Alberta that discharged brine and
natural gas for decades (Bellis et al. 2004). River valleys may
facilitate GM and SCVF because of the removal of overburden

Wells cased, completed, and abandoned have another p al
leak puth inside of the cacing hecais of the pedor e, ar other
wise-completed, interval see Fig. 1b).

Abandonment Method. The abundonment method in cased
and cowpleted wells in Alberta is predominaiely nidge plugs
capped with cement. Investigations into the security of this aban-
donment method indicated thut overall, bridge plugs held u pres-
sure (25t ool TIN0 kPR m % ol cases mveshgated m a small
sampling of wells re-entered for production purposes. Thes
bridge plugs had been in service for 5 10 30 yvears. Generally, the
cement cap placed on top of the bridge plug was not evident, even
though a tour-report review indicated that the cement had been
dump hailed on the bridge plig T i egimaed from sxperisnce
and from this small sample that, over a long period of time
(hundreds of years), approximately 10% of these types of zonal

This reduction in elevation reduces ile ilabrde Tipd dic pes-
sure that controls Bows 1o surface. The potentially shallow over-
pressured gas zones {in comparison to elevation at drill location)
pose problems in well control and have a higher potential tor GM
through cement even in properly cemented wellbores (Gonzalo
et al. 2005). However, data analysis did not Ffind a strong correla-
tion between topography and SCVF/GM occurrences,

Factors Showing jor Impact. eagraphic Area, Fig. 5 indi-

fear if the extra
percentage of
actually higher.

this a r s 1

m these resulis, i
ct whether a

GM leakage-occurrence rates of approximately 0.5%. The overall
leakage-ocourrence mie reported for all wells, as shown in Fig 8
is approximately 4 5%, Wells cased and sbandoned have an over
all leakage ¢ rae of app ly 14%, with cased
wells sccounting for me  than 98% of all leakage cases reported
This difference may b ibuied e mom-siringent abandonment
requirements for drill ubandoned wells historically.

March 2009 SPE Dl letion

will fail and allow formation gascs o enter the

Tbore. Other aband hods, such as placing a cement
plug across completed intervals using a halanced-plug method or
selhing & cemenl reluiner and squeezmg cemenl through perfora-
tioms, are expected to have lower filure rates Jong into the future.

In situations where CO; may have been injected for storage
into depleted producing fomations, bridge-plug failures may be
higher because of CO; effects on the elastomers and metal used in
the mechanical-phigging devies (Sehremp and Rohercon 1075)

The final burrier (o reservoir gases escaping 1o the overlying
sail and the atmosphere is the welded casing cap. From investig
tions on well te-cotry, these caps are highly wuelialle. However,
the casing-cap failures may in fact reduce the risk of overpressur-
ing the surfacecasing shoe, uncemented formations, and ground-
waler suiders. Small leaks in the cap may bl 88 an early warning
that the wellbore integrity has been compromised. These leaks are
generally identified as soil GM and are observed as dead vepeta-
tion directly above the abandoned wellbare.

SCVF [et) 5 el ]

Fig. 11—Comparison of the occurrences of SCVF/GM In all the
wells In e 1St area In Albarta (see Fig. 5) and In deviatwed wells
only in the same reglon.

Table data on
increased well failure
rate in deviated ( E. G.
horizontal) wells over
all wells.

This bar graph shows

increased well failure
rate in deviated ( E. G.
horizontal) wells over
all wells.

“The occurrence of SCVF is higher in deviated wells than vertical wells, indicating that well bore
deviation is a factor affecting overall well leakage.”




This study explores the issue of
migration long after a well has
ceased production and has been

plugged:

“Explanatory mechanisms
include channelling, poor cake
removal, shrinkage, and high
cement permeability. The reason
is probably cement shrinkage
that leads to circumferential
fractures that are propagated
upward by the slow accumu-
lation of gas under pressure
behind the casing.
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Abstract

Assuming this h\-'polhcsis is robust, it must Jcsd to bcllu prsc—
tice and better cement formulations

Introduction, Ei | lssues

Thix dl:rn“lnn iz necessarily superficial, given the complex-
ity of the issue and attendant practical factors such as work-
ability. density, set retardation, mud cake removal. entrain-
ment of formation gas, shale sloughing, pumping rate, mix
consistency, and so on. A conceptual model will be developed
in this article to explain slow gas migration behind casing, but
we deliberately leave aside for now the complex operational
issues associated with cement placement and behavior.

In 1997, there were ~35,000 inactive wells in Alberta
alone, tens of thousands of abandoned and orphan wells', plus
tens of thousands of active wells. Wells are cased for envi-
ronmental security and zonal isolation. In the Canadian heavy
oil belt, it is common to use a single production casing string
w surface (Figure 1); for deeper wells, additional casing
strings ma)' be n:cc,s.sar}' and surfac: casing to isolate shallow
unce is d. As we will sce, surface

q
casings have little cffcet on gas migration, though they un-
doubtedly give more security against blowoots and protect
shallow sediments from mud filtrate and pressurization.

I'o form hydraulic seals for conservation and to 1solate
deep strata from the surface to protect the atmosphere and
shallow groundwater sources. casings are cemented uvsing
water-cement slurmies. These are pumped down the casing,
diaplaLillE drilling Muids fom e casing-ock anulus, leay-
ing a sheath of cement to set and hald:n (Figure 1). Ca.s]r\g
and rock are preparcd by carcful ditioning using
crs, mudcskc scrapers, and 50 on. During p]accmcnl. casing is
rotated and moved to i the sealing effects of the
cement groul. Recent techniques to enhance casing-rock-
cement sealing may inclode vihrating the casing, partial ce-
mentation and annular filling using a small diameter mhe

Additives may be incorporated to alter properties, but
Portland Class G (API rating) oil well cement forms the base
of almost all oil well cements.” Cenerally, slurries are placed
al densities about 2.0 Mgfm“, but at such low densities will
shrink and will be influenced by the elevated pressures (10-70
MPa) and temperatures (35 to >140°C) encountered at depth.

The consequences of cement shrinkage are non-trivial: in
North Amenca, there are hierally tens of thousands of aban-
doned. inactive. or active oil and gas wells, including gas stor-
age wells, that currently leak gas to surface. Much of this en-
ters the phere directly, contributing slightly to green-
howse elfects. Svme of the gas enters shallow ayuifers, whee
wces ol sullwows componnds can emder e waber uon-
potable, or where the h itself can |
cffects such as gas locking of houschold wells, or gas crm:nng
household eysteme to come out when tape are turned on.

Methane from leaking wells is widely known in aquifers in
Peace River and Lloydminster areas { Alberta), where there are
anecdotes of the gac in kitchen tap water heing ipnited. Re-
cause of the nature of the mechanism. the problem is unlikely
5] and the con ion of the gases in the shallow
aquifers will increase with time.

This implies that current standards for cilwell cementing
and P&A are either not well founded. or the criteria are based
on a flawed view of the mechanism. This is not a condemna-
tion of industry: all companies seek to comply with standards.”
Nevertheless. we believe that the AEUB Interim Directive 99-
03* is flawed with respect to gas leakage around casings. To
rectify this, the mechanisms must be identified correctly.
Practise can then be based on correct physical mechanisms,
giving a beuer chance of success (though we do not believe
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“Strength is not the major issue in oil well
cementing under any circumstances...
cement cannot resist the shear that is the
most common reason for oil well distor-
tion and rupture during operation..”
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Cement Strength and Rigidity. AP standards for oilwell
cement specify certain strength criteria. Strength is not the
major issue in oil well ce ting under any circumstances.
Based on extensive modelling, cement clearly cannot resist the
shear that is the most common reason for oilwell distortion
and rupture during active production el L compaction or
heave (from solids injection) is taking place, the cement itself
provides minimal resistance o buckling (compression) or
thread popping (tension). If the annulus could be filled with
relatively dense sand, the resistance to shear would be better
than current ordinary oilwell cement formulations.

Based on over 50 triaxial tests at warious confining
stresses, we have shown that 28-day cured oilwell cements are
contractile (volume reduction during shear) at all confining
stresses above | MPa (150 psi). This is also the case for 70%
silica flowr cements, and for the new products based on ex-
tremely finely ground cement. (Specimens were cured under
water al 20°C or at 90°C.) However. dense concretes used in
Civil Engineering are dilatant, and therefore resistant to shear,
at all working stresses.

The stiffness modulus of typical cilwell cement is small
compared to that of low porosity rocks, and vastly lower than
that of steel." The stiffness moduli are roughly 2-4% that of
steel, though there is a wide range depending on density, con-
tent, and confining stress. Depending on depth (~stress) and
induration (~porosity), rock moduli may vary from 2% to 50%
of steel, and a reasonable value is 5-15% in most intermediate
cases of mederate porosity (10-20%).

Bond. Cement will not bond to sall, oil sand, high porosity
shale, and perhaps other materials. Also, bond strength (i.e.
the tensile resistance of the cement-rock interface) is quite
small; in fact, the tensile strength of carefully mixed and cured
oilwell cement at recommended formulations is generally less
than |-2 MPa. Given that fluid pressures of 10's of MPa may
have to be encountered. given that pressure cycling of a well
can easily debond the rock and cement (there is strain incom-
patibility because of the different stiffnesses), and given that
de-bonding is generally a fracturing process with a sharp
leading edge rather than a conventional tensile pull-apart pro-
cess, a large cement bond to rock cannot be assumed in any
reasonable case. Initiation and growth of a circumferential
fracture (“micro-annulus™) at the casing-rock interface will not
be substantially impeded by a cohesive strength at this inter-
face.

The presence of “good bond™ on a cement bond log is in
fact not an indicator of bond, but an indicator of intergranular
contact maintained by a sufficient radial effective stress. The
lack of bond on a bond log is actually evidence of the inability
to transmit high frequency sonic impulses because of the pres-
ence of an “open zone”, that is, a circumferential fracture that
is open by at least a few microns. Thus, maintaining “bond™
actually means maintaining effective radial stress. Note that if
effective radial stress cannot be maintained, then hydraolic
fracturing conditions must exist at the interface.

The Gas Leakage Model
A pood conceptual model must explain the following typical
aspects of oilwell behavior that are observed in practice.
=  Generally there are no open circumferential fractures
detectable after a typical good gquality cement job
(“good bond” is observed on the log traces).
Such fractures develop over time and with service.
Even in cases where bond appears reasonable over
substantial sections of the casing, gas leakage may be
evidenced some years or decades later.
The process is invariably delayed; thus, there must be
physically reasonable rate-limiting processes.
The gas often appears al surface rather than being
pressure injected into another porous stratum en-
countered in the stratigraphic column.
The presence of surface casing provides no assurance
against gas leakage.

Whereas we do not deny that mud channeling, poor mud
cake removal, gas channeling, and so on can occur in isolated
cases, we believe that a better hypothesis exists to rationally
explain the points listed above.

Figure 2 shows the effect of shrinkage on near-wellbore
stresses.  (Plots are qualitative, but have been confirmed by
mumerical modeling. to be published later.) Initially, cement
pressure p.(z) = Y-z, almost always higher than p,. but lower
than ymiz (lateral minimum total stress). Set occurs and a
small amount of shear stress develops between the rock and
the cement; then, hydrostatic pressure in the cement is no
longer ransmitted along the annulus. Thereafier. even minor
shrinkage (~0.1-0.2%) will reduce the radial stress (@, = o, +
Po) between cement and rock because rock is stiff (4-20 GPa
for softer rocks), and small radial strains (0.001-0.003) cause
relaxation of @, and increase in 0. A condition of p, > @, (01}
is reached; i.e. the hydraulic fracture criterion. A circumfer-
ential fracture (i.e. L to 0z = o), typically no wider than 10-20
pm, develops at the rock-cement interface.

A thin fracture aperture is sufficient to appear as “loss of
bond” in a geophysical bond log. Because in situ stresses are
always deviatoric (€.8. Oy # Tnax ), bond loss will usually
appear first on one side of the trace. or on two opposite sides
(direction of Q). Wells that have experienced several pres-
sure or thermal cycles will almost always show loss of bond,
sometimes for vertical distances in excess of 100 m.

A zone of p, > @ (03) can extend for considerable heights.
Nevertheless, this is still not a mechanism for vertical growth.
To understand verlical growth. consider Figure 3, where a
hypothetical case is presemted. The static circumferential
fracture of length L is filled with formation water of density
Yo giving a gradient of about 10.5 kPa/m for typical oilfield
brine. but the gradient of lateral stress (9Gyw/dz) is generally on
the order of 18-24 kPa/m. This means that if the fracture
contains a fluid pressure sufficient to just keep it open at the
bottom, there is an excess pressure al the upper tip equal to
~L-(21-10.5) = about 10 kPa/m, in typical Alberta conditions,
for example. Thus, because of the imbalance between the
pressure gradient in the fracture and the stress gradient in the
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“The presence of
surface casing
provides no
assurance against
gas leakage.




Better well Integrity
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[COLORADO OIL AND GAS CONSERVATION COMMISSION

2010 REPORT TO THE

WATER QUALITY CONTROL COMMISSION
and
WATER QUALITY CONTROL DIVISION
of
THE COLORADO DEPARTMENT OF
PUBLIC HEALTH AND ENVIRONMENT

by
THE COLORADO OIL AND GAS CONSERVATION COMMISSION

provides quarlerly reporls on Lhe slatus of the seep remediation and these slalus reporls are
available on the COGCC website (www cogee state co us) under Library, Piceance Basin - The
low-flow air sparge system designed to remediate shallow ground water contaminated with
benzene, toluene, ethylbenzene, and total xylenes (B | EX), continues to decrease
concentrations and areal extent of these compounds in the impacted area. [he concentration
and areal extent of thermogenic methane in the ground water in the impacted area also
continues to decrease although at a lower rate than the BTEX compounds. There were no
detections of BTCX compounds in any West Divide Creek surface water sample locations in
2010.

DeBeque Orphan Natural Gas and Oil Wells - Mesa County

I he COGUC dentihed 11 orphaned natural gas or oil wells in Mesa County duning
2010. Orphaned natural gas or oil wells are those for which the operators have gone out of
business and no current operator of the wells can be located. Historic records were located for
some of the orphaned natural gas wells indicating that they were drlled in 1911, Others are
belicved to have been drilled in the mid-1920's. Seven of the orphaned wells identificd are
discharging produced water to the ground surface from the surface casing; and water is flowing
into nearby drainages, ditches or water features from four of those wells.

The COGCC has successiully plugged and abandoned one of Lthe seven wells so thal il
is no longer discharging produced water  An attempt to plug and abandon a second orphan
well was not successful because surface casing could not be located before the limits of the
excavator were reached. [he scope of work required to plug and abandon this orphan well
exceeded that anticipated and funded. Funding from the COGCC emergency response
appropriation will be used to plug this well and one of the others. The plugging and
abandonment of the remaining orphan wells will be prioritized based on potential risk and
impact to the environment, including ground and surface water resources, and public health
and safety. Mugging and abandonment of these wells will proceed as time and funding allows.

Northeast Colorado
Qil and Gas E&P Activity

Qil and gas activity in the northeastern portion of the state remains high, although overall
numbers of new permits are lower than previous years. In general this reflects the slowdown
relaled o low nalural gas prices. In 2010, approximalely 36% of the lal number of well
permils approved by the COGCC was issued Lo operalors in Weld Counly (Wallenberg Field),
which has the largest number of active wells in the State. Smaller oil and gas fields with lower
levels of activity are located in other counties throughout northeast Colorado. In 2010
approximately 172 billion cubic teet (BCF) of gas were produced in northeast Colorado
(approximately 16% of the total gas production tor the State) and 13 milion barrels (bbls) ot
crude oil were produced (approximately 65% of the total crude oil production for the State).

Public Invelvement

COGCC staff continues to receive and follow-up on complaints from the Weld County
Department of Public Health & Fnvironment, Tri-County Health Department, | arimer County
Environmental Advisory Board, Morgan County Office of Emergency Management, Northeast
Colorado Health Depariment, other municipalities, and the public throughout northeastern
Colorado.

Orphaned wells — wells that
have been abandoned by their
owners/operators and are

no longer productive — are a
migration pathway to aquifers
and the surface.

Often, the original operator
of a well is long gone, and
there are insufficient funds to
remediate these sources of
contamination.

It is estimated that there are
35,000 abandoned wells in
New York State. The locations
of many are unknown.




